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Pressure Tuned Insulator to Metal Transition in Eu 2 Ir 2 07 
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We have studied the effect of pressure on the pyrochlore iridate Eu 2 Ir207, which at ambient 
pressure has a thermally driven insulator to metal transition at Tmi ~ 120 K. As a function of 
pressure the insulating gap closes, apparently continuously, near P ~ 6 GPa. However, rather 
than Tmi going to zero as expected, the insulating ground state crosses over to a metallic state 
with a negative temperature coefficient of resistivity, suggesting that these ground states have a 
novel character. The high temperature state also crosses over near 6 GPa, from an incoherent to a 
conventional metal, implying that there is a connection between the high and the low temperature 
states. 



PACS numbers: 71.30.+h, 62.50.-p 



INTRODUCTION 

Putting itinerant electrons with strong spin-orbit cou- 
pling on geometrically frustrated lattices offers new pos- 
sibilities for strongly correlated electron states. Recent 
attention has focused on the pyrochlore iridates, R2&2O7 
where R is a rare earth, for which several theoretical 
studies propose the existence of topologically non-trivial 
ground-states [lHj]. Testing such predictions requires 
advanced experiments, for example measurements that 
can reveal unconventional quantum phase transitions |5| . 
Here, we report an unusual insulator-to-mctal quantum 
phase transition in the pressure-temperature phase dia- 
gram of the pyrochlore iridate Eu2lr207. 

Amongst pyrochlore oxides, iridates have their M-sites 
occupied by Ir 4+ ions whose extended 5d orbitals are 
prone to strong electron-lattice and spin-orbit couplings 
[6j . Compared with the less extended orbitals of 3d tran- 
sition metal oxides, iridates are naively expected to be 
less strongly correlated. Nevertheless, the strong spin- 
orbit and electron-lattice couplings can lift the orbital de- 
generacy of iridium 5d electrons and narrow their band- 
widths. Hence iridates can be delicately poised near a 
bandwidth controlled metal insulator transition (MIT). 

Successive replacement of the R site of R2lr2 07 with 
larger rare earth atoms causes a change from insulating 
to metallic behaviour [7|, |8[ . Progressing from right to 
left in the Lanthanide series, (Lu, Yb, ..., Gd)2lr207 are 
all insulators; (Eu, Sm, and Nd) 2^207 are on the bound- 
ary, looking metallic at high temperatures but insulating 
at low temperatures, and P^b^C^ is metallic down to 
the lowest temperatures. Increasing the R size in the 
R2R2O7 series makes the Ir-O-Ir bond angle wider and 
the Ir-0 bond length shorter. As a result, the iridium i2g 
bandwidth increases and eventually passes the metalliza- 



tion threshold beyond a certain R ionic radius @ . 

As the R size increases from Eu to Nd, (Eu, Sm, and 
Nd)2lr207 show several signatures of a weakening low- 
temperature insulating phase and a strengthening high- 
temperature metallic phase [8j: (1) the metal- insulator 
transition temperature Tmi is significantly smaller in the 
Nd compound (36 K) compared to the Eu and Sm com- 
pounds (120 and 117K respectively); (2) the small and 
temperature dependent gap (A < 10 meV) of the insu- 
lating phase is smallest in the Nd compound [8[ ; (3) the 
Nd compound has the smallest inverse RRR ratio de- 
fined as i?4K/^300K5 and (4) in the high temperature 
metallic phase only the resistivity of the Nd compound 
is 'metallic', having a positive slope for p(T); in Eu and 
Sm p(T) is 'non- metallic', with a weakly negative slope. 
(By 'non-metallic' we mean a resistivity that rises with 
decreasing temperature, but with power-law temperature 
dependence as opposed to the exponential temperature 
dependence of a gapped insulator.) 

These three systems are of particular interest at 
present, because it is believed that states near the metal- 
insulator boundary in the pyrochlore iridates may have 
a toplogical nature [lrlj]. In particular, Wan et al. [2| 
and Witczack-Krempa et al. [3j predict that a toplogi- 
cal semi-metallic state separates the insulating and the 
metallic ground states. This 'Weyl semi-metal' is a three- 
dimensional analogue of graphene, with the chemical po- 
tential pinned to Dirac points of chiral states. In order 
to form, the Weyl semi-metallic state requires magnetic 
order, and due to the vanishing density of states at the 
chemical potential, the electrical conductivity of the bulk 
is predicted to vanish when T^OK @, 0, [lOJ]. 

Electron interactions and correlations of pyrochlore iri- 
dates can be tuned by either chemical or physical pres- 
sure. For investigating the nature of the low tempera- 
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FIG. 1. Resistivity as a function of temperature from P = 
2.06 to 12.15 GPa. The left-hand panel contains all of our 
results, showing that the resistivity is strongly suppressed 
by increasing pressure. The right-hand panel focuses on the 
intermediate-pressure data. Red arrows indicate the metal- 
insulator transition (see Fig. [2] and the text); blue arrows 
indicate the minimum in p(T). 



ture state, physical pressure has the obvious advantage 
that it can be tuned continuously. (Continuous substi- 
tution studies in the pyrochlore iridates are not useful, 
since the ground state is sensitive to disorder [§(.) Phys- 
ical pressure is somewhat different from chemical pres- 
sure, however. Increasing the R atomic size increases 
the Ir-O-Ir bond angle and the lattice parameter in par- 
allel [7|, while hydrostatic pressure increases the former 
but decreases the latter. Thus we expect new insights 
from the application of physical pressure to explore the 
boundary between metallic and insulating ground states 
in pyrochlore iridates. 



EXPERIMENT 



Eu2lr2C>7 single crystals were grown at ISSP using the 
KF-flux method [11| . We pressurized samples measuring 
approximately 150 x 100 x 30 /im 3 in a moissanite anvil 
cell 12j and measured resistivity as a function of temper- 
ature at several pressures in the range P = 2 to 12 GPa, 
using a four terminal ac method. The pressure medium 
was 7373 Daphne oil, and pressure was monitored by 
ruby fluorescence spectroscopy at room temperature. A 
1 K dipping probe was used in the temperature range T = 
300 to 2K. Resistivity below 2K and magnetoresistancc 
at 10.01 GPa were measured in a dilution refrigerator. 
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FIG. 2. Locating the metal- insulator transition, Tmi- The 
color coding is the same as in Fig. [T] The transition does not 
have a strong signature in p(T), however panel (a) shows that 
there is a marked change in slope of log(p) vs. T near 100 K 
at all pressures, while panel (b) shows that the onset of this 
behaviour can be found, for all pressures below 7.88 GPa, in 
a sharp downturn in dp/dT. As a guide to the eye we have 
shown plausible extrapolations of the high-temperature slope, 
and the slope immediately below 100 K. At each pressure we 
have placed Tmi at the mid-point between the onset of the 
downturn and the temperature at which the these extrapola- 
tions meet; while the error bars (see Fig. [4} extend to these 
two temperatures. The inset of (b) zooms in on dp/dT near 
100 K for 3.49 GPa. In (a) some curves are offset vertically 
for clarity. 



RESULTS 

Our resistivity data, from 300 to 2 K at nine different 
pressures from 2.06 to 12.15 GPa, are presented in Fig.[T] 
The quantitative effects of increasing the pressure from 2 
to 12 GPa are dramatic: the room temperature resistivity 
falls by a factor of 60, while the 2 K resistivity falls by a 
factor of 500. Qualitatively, the slope of the resistivity, 
dp(T)/dT, for T > 100 K changes from negative (non- 
metallic) at low pressure to positive (metallic) at 10 and 
12 GPa. At lower temperature, in contrast, the slope 
of the resistivity is negative at all pressures, but it is 
nearly 1000 times larger at 2.06 GPa than at 12.15 GPa. 
We elaborate on the low temperature resistivity in the 
Discussion, and show that the low pressure curves have 
a temperature dependent gap that closes between 6 and 
8 GPa. 

The metal- insulator transition, which occurs at 120 K 
at ambient pressure, does not show up clearly in the raw 
resistivity. This is also the case at ambient pressure [8[. 
However, Fig. [2] shows that, for low pressures, the slope 
of log(p(T)) vs T changes near 100 K. This change ap- 
pears to be quite abrupt in the 3.49 GPa and the 4.61 
GPa curves, both in Fig. HJa) and in the raw data (Fig. 
[TJb)). This change in slope is more clearly seen in plots of 
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FIG. 3. Location of T* and T m i„. The main panel in (a) 
shows p(T) from 6.06 to 10.01 GPa, while the inset shows an 
expanded view around T* and T m i n . The curves are offset 
vertically to give a better view of the data. The main panel 
in (b) shows p(T) from 7.88 to 12.15 GPa. The inset is an 
expanded view of the two highest pressure curves with RRR < 
1. 



dp/dT vs. T (Fig.^T.)): for all pressures below 7.88 GPa, 
dp/dT begins to decrease rapidly, with a sharp, well- 
defined onset, near 100 K. We have used this to identify 
Tmi'- down to Tmi the slope of dp/dT is roughly con- 
stant, then at Tmi it begins to fall rapidly. The inset of 
Fig-Hfb) shows a clear example, at 3.49 GPa. The red ar- 
rows in the first two figures correspond to Tmi, assigned 
to the mid-point between where the slope first starts to 
turn downwards, and the point where the extrapolated 
high and low temperature slopes meet. Error bars on our 
phase diagram, discussed below, extend to these two tem- 
peratures. The lowest pressure dp/dT curves are rather 
noisy, perhaps because the contact resistances, which im- 
proved as the pressure increased, were rather large, but 
even in these cases a sharp change can be identified quite 
accurately. 

At 6.06 GPa and above, there is a minimum in p(T), 
and like Tmi it is close to 100 K. The way this minimum 
develops is shown in Fig. [3] In the lower pressure curves 
the resistivity has a negative slope at all temperatures, 
but in the 6.06 and 7.88 GPa curves an intemediate re- 
gion of dp/dT > develops below a local maximum at 
T* and a local minimum at T m ,-„ . At higher pressure the 
maximum has apparently moved above room tempera- 
ture, so p(T) has a positive, metallic, slope from T m i n to 
293 K. The T* cross-over occurs at 180 and 270 K on the 
P = 6.06 and 7.88 GPa curves respectively. 

We have used the qualitatively different resistivity be- 
haviours to construct a phase diagram, shown in Fig. [4] 
The phase diagram can be viewed as four quadrants, cor- 
responding to four distinct regimes of electronic trans- 
port. In the top left quadrant (P < 6 GPa, T > 100 K), 
the system is an "incoherent metal" characterized by a 
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FIG. 4. The phase diagram for Eu2lr207 constructed from 
our resistivity data. At low pressures, P < 6 GPa, the fi- 
nite temperature MIT is indicated by red squares; the value 
at GPa is taken from reference Q|. At high pressures, 
P > 6 GPa, the transition between conventional and negative- 
dp/dT metallic states is indicated by blue circles. The T* 
cross-over is shown by orange triangles. All the lines are 
guides to the eye. The quantum critical point (QCP) sep- 
arating the insulating and the negative dp/dT metal lies on 
the P axis near P c = 6.06 ± 0.60 GPa. Both T M i and T min 
depend weakly on T. 



high resitivity and a power-law temperature dependence 
with a non-metallic slope, dp{T)/dT < 0. The MIT at 
Tmi separates the incoherent metallic phase from the "in- 
sulating" phase in the bottom left quadrant (P < 6 GPa, 
T < 100 K), characterized by an exponentially activated 
resistivity, as discussed below. 

In the top-right quadrant (P > 6 GPa, T > 100 K), 
the system is a "conventional metal" characterized by 
a metallic slope, dp(T)/dT > 0. The cross-over at 
T m in separates the conventional metal and the "negative 
dp(T)/dT metal" (P > 6 GPa, T < 100 K), whose re- 
sistivity increases with decreasing temperature in a non- 
Fermi liquid (NFL) power-law fashion (Fig.[3tL)). 

The two high-temperature regimes, the conventional 
metal and incoherent metal, are separated by the T* 
cross-over, at which the slope of p(T) changes from pos- 
itive to negative. 

We distinguish between the incoherent metal (in the 
top-left quadrant) and the negative dp/dT metal (in 
the bottom right-quadrant). Although they both have 
power-law dependence on T with negative dp/dT, their 
absolute resitivities differ by a factor of up to 500, and 
the latter probably has Landau-type quasiparticles as es- 
tablished by the metallic resistivity at high temperature, 
while in the incoherent metallic phase it is likely that 
quasiparticles have not formed. 

This phase diagram is in broad agreement with the ef- 
fects of chemical pressure [8j , but with the clear difference 
that Tmi changes rapidly with chemical pressure, falling 



from 201 K to 36 K in going from EU2IX2O7 to No^I^Oy, 
while in our measurements it is nearly pressure indepen- 
dent. Moreover, T* is not seen in the chemical pressure 
measurements. 

Our phase diagram suggests a connection between the 
high and low temperature phases of Eu2lr2C>7: the in- 
coherent metal becomes insulating below Tmi] the con- 
ventional metal crosses over to the negative dp/dT metal 
below T min ; in other words the transition between the in- 
sulating and the negative dp/dT metallic ground states 
at P c = 6.06 ± 0.60 GPa coincides with the incoherent- 
coherent cross-over at T* > 100 K. 



DISCUSSION 

To discuss our results, we start with the high tempera- 
ture part of the phase diagram. The incoherent metallic 
phase is characterized by a high resistivity and a negative 
dp(T)/dT that are both gradually suppressed by increas- 
ing pressure. Metallic phases in the vicinity of localiza- 
tion transitions arc usually subject to strong fluctuations 
in the spin, charge and orbital degrees of freedom, result- 
ing in unconventional transport properties. The negative 
p{T) slope in the incoherent metallic regime of Eu2lr207 
is probably an example of such physics. 

The boundary between the two high temperature 
regimes is marked by the dashed T* line in Fig. 2) The 
broad peaks at T* (Fig. [3]) mark a coherent-incoherent 
cross-over of the quasiparticle dynamics that is also typi- 
cal of correlated oxides in proximity to a Mott transition 
13l Il4j . The T* cross-over has not been observed in the 
previous chemical pressure measurements in pyrochlorc 
iridates by replacing the R site with larger atoms: it pre- 
sumably takes place somewhere between Sni2lr207 and 
Nd2lr2C>7. Moreover, it probably cannot be realized by 
alloying on the R site, i.e. partially replacing Eu or Sm 
with Nd, because of the extreme sensitivity of these sys- 
tems to disorder [8j. Physical pressure is therefore the 
only means by which T* can be observed. 

A similar pressure-induced coherent-incoherent cross- 
over has been observed in Gd2Mo2C>7, which is located at 
the boundary between a FM metal and a spin glass Mott 
insulator in the R2M02O7 series [15(. Gd2Mo2C>7 goes 
through a continuous bandwidth-controlled insulator to 
metal quantum phase transition at P c = 2.4 GPa [16j | . 
Simultaneously a cross-over appears at T* w 150 K in the 
resistivity data. T* shows a strong pressure dependence 
in both Eu 2 Ir 2 7 (Fig.gJ) and Gd 2 Mo 2 07 0: T* shifts 
at a rate AT*/AP ~ 50 K/GPa in Eu 2 Ir 2 7 and - 35 
K/GPa in Gd 2 Mo 2 07. 

Turning now to the low temperature part of the phase 
diagram, previous studies |8[ have treated the low tem- 
perature regimes of Eu2lr207, Sm 2 Ir 2 07 and Nd2lr207 
as a Mott insulating phase with a so-called temperature 
dependent gap (a gap that gets smaller with decreasing 
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FIG. 5. (a) log(p(T)) vs. 1/T at selected pressures between 
100 K and 30 K. The gap, A(P), is extracted by fitting a sin- 
gle exponential to the resistivity data at each pressure in the 
temperature range 60 K < T < Tmi (dashed lines). These 
curves have been shifted vertically to allow easier comparison 
of the slopes, (b) The maximum value of the gap A(P), ex- 
tracted as shown in figure (a), is continuously suppressed by 
pressure. 
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FIG. 6. (a) The conductivity a{T) below 20 K. The data 
were extrapololated to K to get the residual conductivity 
values plotted in (b). (b) The residual conductivity plotted 
as a function of pressure, indicating that the pressure induced 
insulator to metal quantum phase transition is continuous. 



T, with a non-divegent resistivity in the T — > K limit). 
In all three systems there is a magnetic anomaly at the 
metal-insulator transition [3 [l7|,[l8|. Unlike the Sm and 
Nd systems, however, EU2R2O7 does not show a sharp 
metal-insulator transition in the resistivity, rather there 
is a rapid cross-over from power-law resistivity at high 
temperature to thermally activated behaviour below the 
120 K magnetic transition. We do not yet have magnetic 
data at high pressure, which would allow us to unam- 
biguously determine Tmi, however the clear signatures 
in dp/dT and in log(p) vs. T (Fig. [2]), which connect 
smoothly to 120 K at ambient pressure (Fig. @| give us 
confidence that we can identify Tmi- 

This is further reinforced by plots of log(p) vs. 1/T, in 
Fig. EJa) , which have a straight-line dependence for a sig- 
nificant range of temperature below Tmi as expected for 
a gapped system. If we plot the gap extracted from this 
straight line behaviour as a function of pressure then the 
gap appears to vanish continuously between 6 and 8 GPa 
(Fig. [5jb)). Similarly, if we plot the T = K conductiv- 



ity, cr(0), obtained by extrapolating our resistivity curves 
to K (Fig. [6]) the conductivity appears to rise con- 
tinuously across this pressure range. These behaviours 
are consistent with a Mott insulating ground state at 
low pressure followed by a continuous insulator-to-metal 
transition between 6 and 8 GPa. In this scenario, the 
non- divergence of the resistivity as T — > K may be 
due to bulk impurity states. Indeed, p(0) shows a strong 
sample dependence, consistent with impurity states in 
the bulk. However the role of disorder in the insulat- 
ing phase is not clear, and it should be noted that the 
MIT at Tmi cannot be simple disorder driven Anderson 
localization, because disorder wipes out the insulating 
hase and leaves the system metallic at all temperatures 
. Given the presence of spin 1/2 moments on the irid- 
ium sites, frustration-induced localization [19( may play 
a role in the insulating state, while the recent revelation 
of a commensurate AFM order in EU2R2O7 below 120 K 
from pSK measurements raises the possibility of gapping 
of the Fermi surface by a Slater transition [17| . 

A difficulty with the simple Mott insulator interpreta- 
tion of our phase diagram is that, although the gap closes 
continuously with pressure, Tmi does not vanish, indeed 
it is barely affected by pressure (Figs.|4]and[5]). It is there- 
fore interesting that recent theoretical proposals, based 
on band-structure and many-body calculations, have var- 
iously proposed strong toplogical insulator ground states 
[l|, I20J, |2l[ and Weyl semi-metallic ground states on the 
boundary of the metal-insulator transition [2|-|^| in py- 
rochlorc iridates. These suggestions are consistent with 
our results. Firstly, the finite resistivity at T — >• K 
could arise from small intrinsic Fermi pockets or surface 
states characteristic of topological insulators. Moreover, 
Hosur et al. [4j show calculated resistivity for the Weyl 
semi-metal that agrees qualitatively with our data. In- 
deed, the fact that Tmi is not affected by pressure, while 
the gap vanishes and residual conductivity rises contin- 
uously across the critical pressure, could be explained if 
Tmi is produced by a magnetic transition of the itiner- 
ant Ir 5<i-electrons (note that, according to crystal field 
calculations, Eu has no magnetic moment in this mate- 
rial) that is only weakly pressure dependent, while the 
underlying electronic structure undergoes (for example) 
a Lifshitz transition. 

We note that our finding of a roughly pressure inde- 
pendent Tmi is in contrast to a recent pressure study 
of Nd2lr2C>7 [22j which observed a monotonic suppres- 
sion of Tmi with increasing pressure. We do not have 
an explanation for this discrepancy. Aside from the dif- 
ferent materials, the only obvious difference between the 
measurements is that the Nd2lr2C>7 study used NaCl as 
the pressure medium, which could produce anisotropic 
pressures which can have unpredictable effects on geo- 
metrically frustrated systems. (In this respect Daphne 
oil, which we used, is an improvement on NaCl but still 
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FIG. 7. (a) Semi-logarithmic plot of resistivity from room 
temperature to 200 mK at P — 10.01 GPa. (b) Magnetoresis- 
tance as a function of magnetic field at P — 10.01 GPa. Data 
were taken in a temperature range from 100 mK to 8K. MR 
is suppressed by increasing temperature. The inset shows a 
quadratic fit (black dashed line, M oc H 2 ) to the low field data 
at T — 200 mK. At high fields, MR tends towards saturation. 



not ideal at high pressures.) 

After the collapse of the insulating phase above 
6.06 GPa (A = 0, <r(0) ^ 0), a low-temperature NFL 
power law rise of resistivity survives up to the highest 
pressure in our experiment, in the negative dp/dT metal 
region in the bottom-right quadrant of our phase dia- 
gram. The nature of this phase is not clear. Figure [TJa) 
is a semi-logarithmic plot of p(T) at P = 10.01 GPa from 
T = 300 K to 100 mK. The NFL resistivity behaviour fits 
to p(T) = p(0) - AT X with x = 1.0 ± 0.1 below 20K for 
P > 6 GPa. While the resistivity upturn of the metal- 
lic phase below T m ,-„ looks Kondo-like, similar to what 
is observed in the frustrated Kondo lattice of Pr 2 Ir 2 07 
[231 ] . crystal- field analyses that predict no local / mo- 
ments in EU2L2O7 2J] would seem to rule out a Kondo 
effect. Similarly, recent theoretical work [25[ that as- 
cribes the resistive upturn in Pr2lr207 and in Nd2h~207 
at high pressure [22j to frustrated spin-ice-like correla- 
tions among the local /-electrons, would also appear to 
be ruled out by the absence of /-moments on the Eu 
sites. 

As well as being a common feature of the metallic py- 
rochlore iridates, a rising resistivity as T — > K has also 
been observed in metallic pyrochlorc molybdates at high 
pressures. Hydrostatic pressure destroys the FM order 
in the metallic ground states of (Nd and Sm)2Mo207 
by tuning the relative strength of double and super- 



exchange interactions amongst Mo d electrons. The re- 
sulting order-disorder transition coincides with a change 
in the resistivity behaviour, from conventional metallic 
to a "diffusive" NFL state [26[ characterized by a large, 
relatively weakly T dependent resistivity, not unlike the 
resistivity of our dp/dT > metal, and also having an 
upturn in the resistivity as T -> K. In this context, 
it seems significant that the tetragonal antiferromagnet 
Ba2lr04 [27| has recently been shown to have a continu- 
ous pressure-induced insulator-to-metal transition that is 
related to suppression of magnetism, but in this case the 
low temperature resistivity at high pressure is metallic. 
Thus, the upturn in p(T) as T — > K is not a generic 
feature of iridates near the boundary of a Mott insulat- 
ing ground state, rather the pyrochlore lattice structure 
seems to play a decisive role. 

To further investigate the negative dp/dT metallic 
phase, we measured magnetoresistance (MR) at P = 
10.01 GPa by sweeping magnetic field from to 16 tesla 
at ten different temperatures from 100 mK to 8 K (Fig.[7|). 
The MR signal is positive, which rules out weak local- 
ization as the cause of the low temperature upturn in 
p(T), as had been suggested in the molybdates |26j. It 
probably also rules out other mechanisms involving scat- 
tering from spins [25| . and indeed it may constrain the 
possible magnetic order on the Ir sublattice. Accord- 
ing to reference [2J , if the Ir moments are ferromagneti- 
cally aligned the ground state will be metallic; FM metals 
usually have a negative MR however [2 8j. in contrast to 
our observations of a positive signal. So our results sug- 
gest that the ground state is either antiferromagnetic or 
has the so-called "all-in/ all-out" configuration of spins on 
each Ir tetrahedron. According to references [2J, |3| , these 
magnetic configurations could have a Weyl semi-metallic 
phase separating the Mott insulating and the metallic 
ground states. 

The weak positive MR signal grows quadratically at 
low fields (M oc H 2 ), tends towards saturation at high 
fields, and becomes smaller with increasing temperature. 
Such behaviour is generic to (non- ferromagnetic) metals 
with closed orbits on the Fermi surface [28j. The weak- 
ness of the MR signal (Fig. [7]) may be due to strong scat- 
tering, otherwise a state with small pockets should have 
large MR due to the small Fermi volume and the low 
density of carriers. The origin of such strong scattering 
is not clear, although it is consistent with the fairly large 
resistivity of these samples, even in the metallic regime; 
moreover the metallic state must be unconventional due 
to the non-metallic slope of the resistivity dp/dT < 0, 
and the non- Fermi-liquid power-law T dependence. 

Further measurements are urgently required in order 
to elucidate the nature of the negative dp/dT metallic 
phase. For example, reference |2j predicts that the all 
in/out spin configuration on the Ir tetrahedra has a 1.3 
meV gap to the collinear ferromagnetic state. With this 
gap, our maximum field of 16 T could be sufficient to 



cause a reorientation of the spins to ferromagnetic, which 
would cause a huge jump in magnetoresistance, which we 
do not observe. However, depending on the accuracy of 
that calculation, a higher magnetic field may be required, 
so higher field measurements would be informative. 



CONCLUSION 

Using resistivity, we have mapped the temperature- 
pressure phase diagram of Eu2ir207 between 2 and 12 
GPa. The metal-insulator boundary is near 6 GPa. At 
high temperature (T > 100 K), the resistivity falls by a 
factor of more than 60 between 2 and 12 GPa, and the 
behaviour crosses over near 6 GPa from an incoherent 
metal with a very high resistivity and a negative dp/dT, 
to a more conventional metal having a positive dp/dT. 
At intermediate pressures the cross-over is observed as 
a function of temperature: the sign of dp/dT changes 
from positive to negative at a temperature T* that was 
not observed using chemical pressure. 

The low temperature behaviour evolves from a low 
pressure "insulating" state, having a temperature de- 
pendent gap but a resistivity that does not diverge as 
T — > K, to an anomalous metallic state again having a 
negative dp/dT. Conventional explanations for this ris- 
ing resistivity as T — > K, such as the Kondo effect or 
weak localization, are ruled out. The transition between 
these ground states is continuous, with the critical pres- 
sure near 6 GPa, however there is no temperature scale 
apparent in the resistivity that vanishes at the critical 
pressure, rather the high-to-low temperature cross-over 
persists across the entire phase diagram. An obvious sce- 
nario is that the low-temperature phases occur below a 
magnetic phase transition that is essentially unaffected 
by pressure. 

The high absolute value and the low temperature rise 
of the resistivity in the negative dp/dT metallic phase 
of EU2R2O7 might be manifestations of a topological 
scmimctallic phase. The anomalous nature of the ground 
states on both sides of the QCP suggests a topological 
character for the quantum phase transition and may ex- 
plain its unusual form. These results should encourage 
further experiments to test for the existence of topolog- 
ical states near the metal-insulator boundary of the py- 
rochlore iridates. 
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